Objective: Cognitive functions have been largely investigated in multiple sclerosis. Less attention has been paid to social communication abilities, despite their presumptive affect on quality of life. We run the first comprehensive assessment of pragmatic skills in multiple sclerosis, evaluating also the relationship between pragmatics and other cognitive domains. Methods: Forty-two multiple sclerosis patients and 42 controls were tested for pragmatic abilities, neuro-cognition, social cognition, depression, and fatigue. Results: Patients performed poorly in most pragmatic tasks compared to controls. Globally, 55% of patients performed below the 5th percentile in the total pragmatic score. Notably, pragmatic skills did not differ between cognitively impaired and unimpaired patients. However, an association was found between pragmatics and verbal fluency, as measured in the Word List Generation. Finally, we observed an association of pragmatic abilities with social cognition, and a trend with psychosocial functioning. Conclusion: Overall, the study shows a diffuse pragmatic impairment in multiple sclerosis, not associated with the patient's global neuropsychological profile. By contrast, our findings suggest a close relation between pragmatics and specific cognitive aspects such as executive functions, and between pragmatics and social cognition. This study underlines the need of looking beyond classical cognitive performance, to consider underestimated communicative disturbances of high clinical relevance.
Introduction
Multiple sclerosis (MS) has been associated with heterogeneous signs and symptoms, including sporadic language impairment (Renauld, Mohamed-Said, & Macoir, 2016) . Most studies assessed language functions with tools based on subsets of neuropsychological battery or with standardized tests evaluating basic aspects of communication (Friend et al., 1999) . In addition to classic linguistic tasks, difficulties in high-level language such as ambiguous sentences, metaphors, and narrative speech (Arrondo, Sepulcre, Duque, Toledo, & Villoslada, 2009; Lethlean & Murdoch, 1997) were reported in MS patients, although sporadically and without a clear theoretical background. Moreover, problems in language have often been considered as a consequence of impairment in executive functioning (Arrondo et al., 2009; Renauld et al., 2016) , thus largely neglecting a specific consideration of communication problems in MS.
Metaphor, narrative discourse, and other high-level language aspects are usually considered in the domain of "pragmatics". Pragmatic abilities refer to the capacity of appropriately use language in communicative situations, including the ability to integrate language and context as to infer the speaker's intended meaning, especially in non-literal language, and to provide the appropriate amount of information in discourse (Bambini & Bara, 2012; Bambini, 2010) . Hence, pragmatic abilities are fundamental for successful social communication, i.e., for getting a message across to another person and accurately interpreting their response (Cummings, 2014) . Traditionally linked to right hemisphere brain damages, pragmatic breakdowns are nowadays associated with a wider network dysfunction, and reported for several neurological disorders Parola et al., 2016; Stemmer, 2008) . From the cognitive point of view, several domains have been related to pragmatic abilities, mainly social cognition and executive functions (Martin & McDonald, 2003) . The general view is that pragmatic abilities are intimately connected with social cognition, especially with Theory of Mind, and they cooperate to support successful social communication. While pragmatic abilities govern the integration of language and context, social cognition addresses social interaction and social cue interpretation. As such, they should be considered separately as targets for assessment and therapy (Cummings, 2014; Hyter, 2017) . Executive functions represent a further element involved in the activity of social communication, as integral to the planning, execution and regulation of goal-directed behavior. Current studies still debate on the status of these three elements in supporting social communication, which clearly should be considered in relation to the specific profile of the many pathological conditions that might exhibit communication problems (Cummings, 2017) . Evidence from amyotrophic lateral sclerosis patients, for instance, indicates a stronger relation between pragmatic deficit and social cognition deficit than between pragmatic deficit and executive functions deficit ; differently, in schizophrenia all three components were closely interwoven (Bambini, Arcara, Bechi, Buonocore, Cavallaro, & Bosia, 2016) .
In this scenario, considering that (i) there is evidence, although sparse, of impairment in specific aspects of pragmatic abilities in MS (Arrondo et al., 2009; Lethlean & Murdoch, 1997) , (ii) pragmatics is related to other cognitive and socio-cognitive abilities (Champagne-Lavau & Joanette, 2009; Cummings, 2014 Cummings, , 2017 Martin & McDonald, 2003; Stemmer, 2008) that in turn might exhibit impairment in MS (Chiaravalloti & DeLuca, 2008; Pottgen, Dziobek, Reh, Heesen, & Gold, 2013) , and (iii) pragmatics is known to be impaired in other neurodegenerative disorders , we speculated that MS patients might have a diffuse pragmatic deficit.
Specifically, elaborating on point (ii) above, i.e., taking into account that the ability to engage in successful communication is related to other cognitive domains, we were interested in investigating the interplay between pragmatics, neuro-cognition, and social cognition in MS. Cognitive impairment has been described in 43%-72% of multiple sclerosis (MS) patients, affecting processing speed, visual and verbal learning and memory, as well as attention, executive functioning, and working memory (Chiaravalloti & DeLuca, 2008; Rao, Leo, Bernardin, & Unverzagt, 1991; Rocca et al., 2015) . Therefore, we speculated that the pragmatic deficit in MS could be linked to cognitive impairment. In addition, studies reported a diffuse social cognition and Theory of Mind impairment in MS population (Chalah & Ayache, 2017) , which is likely to be dissociated from the more typically executive dysfunction (Pottgen et al., 2013) . The integrity of social cognitive function is crucial for proper retrieval of information from social stimuli, to establish an appropriate social interaction and cope with chronic disease such as MS (Montel & Bungener, 2007) . In this perspective, deficit in social cognition might have a drastic affect on communication and might be associated with pragmatic impairment. Finally, we took into account psychosocial functioning. Pragmatic deficits frequently co-occur with depression in patients with right hemisphere damage, which exacerbates problems in communication (Cummings, 2014) . Considering also that in MS patients psychosocial functioning is strongly linked to cognitive abilities (Chiaravalloti & DeLuca, 2008) , we hypothesized that also measures such as depression and fatigue might be related to pragmatic abilities.
To explore these issues, we conducted a comprehensive pragmatic assessment in MS patients (and controls), while also assessing neuro-cognition, social cognition and psychosocial functioning. Ultimately, this investigation could enlarge the spectrum of cognitive functions that might be affected in MS patients.
Materials and Methods

Participants
We performed a cross-sectional study in 42 MS patients referred to Federico II University from September 2014 to February 2015. We included MS patients diagnosed according to 2010 McDonalds criteria (Polman et al., 2011) , both with relapsing-remitting or progressive disease according to Lublin and colleagues (2014) . Participants were excluded if they had a history of diagnosed psychological and psychiatric disorders (including schizophrenia, bipolar disorder, or depression resulting in patient hospitalization), learning/developmental disability, diagnosis of substance abuse/dependence, brain injury or episodes of loss of consciousness (lasting 30 or more minutes). We also excluded any participant with MS who experienced a clinical relapse within a month before testing or who were taking corticosteroids. (Kurtzke, 1983) , Multiple Sclerosis Severity Score [MSSS] (Roxburgh et al., 2005) , Disease Modifying Therapy [DMT]) were collected by trained neurologists.
In addition, 42 healthy controls (HCs) (21 females) without previous history of neurological or psychiatric disorders were also recruited from the general population. HCs were included in order to perform a between-group comparison and to assess if MS patients had a worse performance than HCs in pragmatic tasks. MS patients and HCs were all Caucasian in origin and resident in the same geographic area. The study was approved by the local Carlo Romano Ethical board and written informed consent was obtained both from patients and HCs.
Pragmatic Assessment
Pragmatic abilities were assessed in MS patients and HCs through a recently developed and standardized test for the Italian speaking population (APACS, Assessment of Pragmatic Abilities and Cognitive Substrates) , already used with neurological patients , and recommended for the characterization of pragmatics/ social language (Strong et al., 2017) . The APACS test was administered to MS patients and HCs by trained neuropsychologists blind to the cognitive data.
The test is divided into two main sections, devoted to production and comprehension, for a total of six tasks, based on refined linguistic materials and paying attention to the ecological validity of the stimuli (Interview, Description, Narratives, Figurative Language 1, Humor, Figurative Language 2). Finally, three composite pragmatic scores are computed from the six APACS single task scores (Pragmatic Production, Pragmatic Comprehension, and APACS Total score, which is calculated by averaging Pragmatic Production and Pragmatic Comprehension scores).
Concerning the psychometric properties, the APACS test has satisfactory internal consistency (α range for the six tasks: .60-.70), good to excellent test-retest reliability for the composite scores (r range: .82-.91) , and adequate inter-rater reliability (Bambini, Arcara, Bechi, Buonocore, Cavallaro, & Bosia, 2016) . Specifically, intra-class correlation coefficient values are excellent for three tasks (Narratives: .86; Figurative Language 1: 1; Humor: 1) and in the range of fair to good for the other three tasks (Interview: .57; Figurative Language 2: .61; Description: .62), in line with the values obtained in other tests assessing pragmatic abilities in production and conversation (Sacco et al., 2008) and in other scales involving qualitative evaluation (Levine et al., 2007) .
Additional Linguistic Assessment
To test impairment in language comprehension, a shortened version of the Token Test was administered, scored as in the Token Test section in the Italian version of the Aachener Aphasie Test (Luzzatti, Willmes & De Bleser, 1991) .
Neuropsychological Assessment
Cognitive functions were assessed in MS patients through administration of the Brief Repeatable Battery version A (BRB-A) (Amato et al., 2006) , which is widely employed to detect a general cognitive impairment in MS patients (Chiaravalloti & DeLuca, 2008; Rao et al., 1991) . The BRB includes: the Selective Reminding Test-Long Term Storage (SRT-LTS), Selective Reminding Test-Consistent Long Term Retrieval (SRT-CLTR), and Selective Reminding Test-Delayed (SRT-D) to assess verbal memory; the 10/36 Spatial Recall Test (10/36 SPART) and 10/36 Spatial Recall Test-Delayed (10/36 SPART-D) to assess visual memory; the Symbol Digit Modalities Test (SDMT) to assess information processing speed and executive functions; the Paced Auditory Serial Addition Test 2 and 3 (PASAT 2-3) to assess attention, information processing speed, and working memory; the Word List Generation (WLG) to assess semantic fluency.
Social Cognition Assessment
MS patients were assessed with a recently validated test to evaluate social cognition abilities: the Story-based Empathy Task (SET) (Dodich et al., 2015) . It is a non-verbal task including two main conditions measuring attribution of intentions (SET-IA) and emotional states (SET-EA), together with a control condition (SET-CI) entailing the inference of causality reaction based on the knowledge of the physical properties of objectives and human bodies. Each score has been adjusted according to age and education following Dodich et al. (Dodich et al., 2015) .
Psychosocial Assessment
MS patients were administered the Beck Depression Inventory II (BDI II) (Benedict, Fishman, McClellan, Bakshi, & Weinstock-Guttman, 2003) and the Fatigue Severity Scale (FSS) (Krupp, LaRocca, Muir-Nash, & Steinberg, 1989) , to avoid biases of concomitant depression or fatigue, and to evaluate the relationship between psychosocial function and pragmatic abilities.
Statistical Analysis
Statistical analyses were performed using Stata software (version 13; StataCorp LP, College Station, TX). Before each analysis, the Shapiro-Wilk test was used to assess the normality of distribution of dependent variables in order to apply twotailed Student's t-test for normally distributed variables, otherwise Wilcoxon rank-sum. In the regression analyses, we corrected all p-values with False Discovery Rate method (Benjamini, Drai, Elmer, Kafkafi, & Golani, 2001 ). All results were considered significant if p < .05. An impairment for APACS composite score and Token test has been defined if the score fell under the 5th percentile of our HC sample results while MS patients has been considered impaired in neuro-cognition or social cognition if their score fell under the 5th percentile of normative data in at least two tests of the BRB, following previous studies (Amato et al., 2006; Preziosa et al., 2016; Tillema et al., 2016) or if they fell under the 5th percentile of the data from Dodich and colleagues (2015) respectively.
The 5th percentile has been chosen in order to avoid overestimation of impairment in accordance with cut-off scores of several standardized neuropsychological tests (Mondini, Mapelli, Vestri, Arcara, & Bisiacchi, 2011; Spinnler & Tognoni, 1987) .
Pragmatic abilities and clinical/demographic variables. Firstly, we investigated pragmatic abilities in MS patients comparing their performance on the APACS test (single task and composite scores) with the performance of the control sample using the Wilcoxon rank-sum test. Then, we evaluated the frequency of the pragmatic deficit and of impairment in language comprehension in our MS sample. We used separate Wilcoxon rank-sum tests to explore differences related to sex, treatment and MS type (relapsing vs. progressive). The categorical variables were included as factors and APACS composite scores as dependent variables. We finally performed a series of separate linear regressions to investigate the relationship between APACS single task and composite scores (dependent variables) and EDSS, MSSS, age at onset, and disease duration (independent variables).
Pragmatic abilities, neuro-cognition, social cognition, and psychosocial functioning. We compared APACS composite scores (dependent variables) in MS patients with and without neuro-cognition impairment (factors) using Wilcoxon rank-sum tests. Then, we carried out a series of separate linear regressions using APACS single task and composite scores as dependent variables and BRB single task rough scores, SET scores, BDI scores, and FSS scores as independent variables.
Results
Demographic characteristics of MS patients and HCs, and clinical, cognitive, and psychosocial assessment measures of patients are reported in Table 1 . The MS and the HC groups did not differ for gender, age, or education.
Pragmatic and Linguistic Abilities in MS Patients and Relationship with Clinical and Demographic Features
In order to test the hypothesis of a pragmatic deficit in MS, all patients and HCs underwent the APACS test. Five patients were not able to complete Token Test due to disease-related dyschromatopsia. Compared to HCs, the MS group showed lower scores in all composite scores (Pragmatic Production, Pragmatic Comprehension, and APACS Total) and in all APACS tasks but Description (Table 2) .
None of the MS patients showed impairment in language comprehension as assessed with the Token Test (i.e., below the 5th percentile of HCs scores).
Twenty-three (55%) patients out of 42 had an impaired performance (i.e., below the 5th percentile) in the APACS Total score, 8 (19%) patients out of 42 in Pragmatic Production, and 24 (57%) patients out of 42 in Pragmatic Comprehension.
Gender, treatment or MS type, EDSS, MSSS, age at onset, disease duration did not affect any APACS composite score (all ps > .05) (see Appendix Table 1A ).
Relationship Between Pragmatic Performance and Neuro-cognition
In order to investigate the relationship between pragmatics and neuro-cognition, all MS patients were assessed with BRB. Twenty-five out of 42 (59.5%) MS patients were classified as cognitively impaired. The tests that most frequently scored below cut-off were SDMT (59.5%), PASAT 3" test (40.5%), PASAT 2 (33%), and 10/36 SPART (29%). WLG was impaired in 14.29% of patient, with a mean score of 28.25 ± 10.
APACS Total, Pragmatic Production, and Pragmatic Comprehension scores did not differ between cognitively impaired and unimpaired patients (respectively, p = .23, p = .43 and p = .24; Wilcoxon rank-sum) (Fig. 1) .
Finally, APACS Total and Pragmatic Comprehension were significantly related only to WLG corrected score (respectively, coeff. .003; R-squared 0.18, p = .04 and coeff. .006; R-squared 0.19, p = .04) (see Appendix Table 1A ). 
Relationship Between Pragmatic Performance and Social Cognition
In order to further elucidate the link between pragmatic abilities and social cognition, 33 out of 42 MS patients performed the SET test. Mean SET total score was 15.3 ± 2.1, mean SET-IA score was 5.4 ± 0.8, mean SET-CI score was 4.6 ± 1.2, and mean SET-EA score was 5.3 ± 0.9. Two (6%) out of 33 patients had impaired performances in the SET total score.
SET total score was related to APACS Total score (coeff. .02; R-squared 0.25, p = .04), Pragmatic Production (coeff. 0.01; R-squared 0.20, p = .04), and Pragmatic Comprehension (coeff. 0.026; R-squared 0.21, p = .04).
In the other regression analyses on SET-IA and SET-EA, scores resulted significantly associated with APACS Total score (both ps = 0.04) and Pragmatic Comprehension (both ps = 0.04), while they were not related to Pragmatic Production (both ps = 0.08). SET-CI was not related to any APACS composite score (all ps > .05) (see Appendix Table 1A ).
Relationship between Pragmatic Performance and Psychosocial Functioning
Finally, all MS patients performed FSS and BDI-II to better clarify the relationship between pragmatic performance and psychosocial functioning. FSS showed a nearly significant negative effect on APACS Total score (coeff. −0.02, R-squared .15, p = .06), Pragmatic Production (coeff. −0.001, R-squared .12, p = .08), and Pragmatic Comprehension (coeff. −0.003, R-squared .12, p = .08), while BDI-II was related only to Pragmatic Production (coeff. −0.002, R-squared .22, p = .04) and marginally to APACS Total score (coeff. −0.02, R-squared .12, p = .08) (see Appendix Table 1A ).
Discussion
In this study we examined in detail the communicative profile of MS patients with a comprehensive test for pragmatic abilities (i.e., APACS). Our results support the hypothesis that the MS population exhibits a pragmatic impairment. Specifically, in the group analysis, MS patients performed worse than HCs in almost all parts of the APACS test. A closer look at the specific tasks included in APACS, taking into account also the results of the Token Test, might shed further light on the communicative profile of MS patients. On the one hand, MS patients had a normal performance in the Token Test. Although the Token Test may not be a robust neuropsychological test for the discrimination of language problems in MS, the result suggests that the pragmatic deficit is not related to those aspects of language comprehension that are usually impaired in classic aphasic syndromes (Agrell, Dehlina, & Nilsson, 1995) . Also basic communicative functions such as the ability to communicate the salient elements of everyday life situations, as assessed in the Description task in APACS, were preserved. On the other hand, the MS group showed lower performance in providing the appropriate amount of information in the Interview task compared to HCs. They produced less essential discourse information than HCs, being especially under-informative. The MS group performed worse compared to HCs also in the Narratives task, which shows that abilities at the discourse levels are compromised not only in production, as previously reported (Arrondo et al., 2009 ), but also in comprehension. Also, the MS group performed poorly compared to HCs in tasks that specifically explore the comprehension of non-literal language, such as Figurative Language 1, Figurative Language 2, and Humor, thus exhibiting a major impairment in deriving non-literal meanings, in line with previous observations of impairment in "high-level language" (Lethlean & Murdoch, 1997) . Compared to normative data, 55% of patients performed below the 5th percentile in the APACS Total score, with even slightly higher frequency of impairment when considering only Pragmatic Comprehension (57%). Overall, our findings point to a diffuse pragmatic breakdown in MS. We also explored the relationship between the pragmatic deficit and other cognitive functions that might be impaired in MS, including neuro-cognition, social cognition, and psychosocial functioning. The rationale behind this investigation was that, traditionally, problems in the pragmatics of language were related to impairment in other cognitive and socio-cognitive domains, especially executive functions deficit and Theory of Mind deficit (Martin & McDonald, 2003) . However, most approaches in clinical pragmatics argue for separate assessment and treatment of these domains, as connected yet distinct components supporting social communication activity (Hyter, 2017) . Moreover, previous literature suggests that the relation between pragmatics, neuro-cognition, and social cognition varies across clinical populations (Bambini, Arcara, Bechi, Buonocore, Cavallaro, & Bosia, 2016 ). Here we aimed at considering this relation with specific reference to MS patients. We will discuss first the relation of pragmatics with neuro-cognition, and then the relation of pragmatics with social cognition and psychosocial functioning.
Cognitive impairment is indeed a common feature of MS and occurs in 59.5% of our sample. In line with previous studies (Chiaravalloti & DeLuca, 2008) , our patients showed decrements in attention and information processing speed, working memory, visuo-spatial and verbal learning, susceptibility to proactive and retroactive interference, and delayed recall. Less frequently, they were impaired in semantic fluency. However, global cognitive impairment was not associated with pragmatic impairment in our MS group. Our findings show that the pragmatic performance as assessed in APACS did not differ between cognitively impaired and unimpaired MS patients. Consistently, in the regression analyses, APACS composite scores were not related to any cognitive function, with the exception of semantic fluency as assessed through WLG.
The result of WLG deserves further discussion. Verbal fluency is considered among the most sensitive neuropsychological measures to cognitive impairment in MS (Henry & Beatty, 2006) , and is usually taken as a measure of executive functions, since it requires efficient search strategy as well as self-monitoring aspects of cognition (keeping track of responses already given), effortful self-initiation, and inhibition of responses when appropriate (Henry & Crawford, 2004) . Furthermore, verbal fluency is related to language abilities (Shao, Janse, Visser, & Meyer, 2014) , as it involves also a vocabulary knowledge from which to access the responses, and the linguistic search and retrieval skills to make use of this knowledge (Morere, Witkin, & Murphy, 2012) . Therefore, we cannot determine whether the relationship that we observed between WLG and pragmatics might is indicative of the affect of executive components or of expressive language abilities on the pragmatic competence. By contrast, we observed no evidence of relation between pragmatics and the other tests of the BRB, targeting verbal memory, visual memory, information processing speed, attention, information processing speed, and working memory. These findings might be taken as an indication that the most basic cognitive functions are not directly related to pragmatics. Overall, our data seem to indicate that the pragmatic deficit is distinct from classic cognitive impairment. Yet they suggest that a stronger connection emerges with higher-level cognitive tasks such as generation of a list of words (WLG). We take this as a first indication for future studies to further explore-with regard to MS-the relation between pragmatic abilities and other tasks particularly dependent on executive processes, imposing substantial demands on self-directed planning and strategy formation and requiring future-oriented, goal-directed, and non-habitual responses (Henry & Crawford, 2004) .
Concerning the social cognition domain, we found that pragmatic abilities, especially in comprehension, are strongly related to the performance in the SET test. This is not surprising, since a large literature showed that, when switching from formal aspects of language to its communicative use, the ability to interpret social information plays an important role in shaping communicative behavior in patients (Champagne-Lavau & Joanette, 2009; Martin & McDonald, 2003) . Consistently, also theoretical models of pragmatics highlight the important role of ToM in supporting the recognition of communicative intentions, of special importance when interpretation is required to go beyond the literal meaning to infer the speaker's communicative intentions based on context (Sperber & Wilson, 2002) . Interestingly, our findings seem to indicate that in MS the association between pragmatic and social cognition is stronger than the relation between pragmatics and the general cognitive profile. This is in line with previous evidence that social cognition abilities do not always correlate with neuropsychological tests in MS (Henry et al., 2011) . However, for the SET subtests devoted to intention and emotion attribution (SET-IA and SET-EA), we observed no relation with Pragmatic Production. This suggests that the social cognition domain cannot fully account for the pragmatic impairment, especially when considering discourse production and conversation, and that both pragmatics and social cognition should be targeted in MS to reveal the complex interplay and contributions of underlying cognitive, linguistic and socio-cognitive factors.
Concerning psychosocial functioning, no study up to now has investigated the relationship between communicative and pragmatic abilities, depression and fatigue. Although there is no relation with demographic and clinical features, our data show a trend of association between pragmatic impairment and well-known MS symptoms such as depression and fatigue. Specifically, fatigue and depression seem to be related with discourse production skills, possibly reflecting the difficulty of engaging in conversation and social interaction (Krupp et al., 1989) .
Our results carry important implications from a clinical standpoint, since the ability to produce an effective communication is crucial for adequate daily living and social well-being (Cummings, 2014) . Previous research on neurological patients suggested that the competence in conversational discourse correlates with social integration and quality of life (Galski, Tompkins, & Johnston, 1998) ; similarly, data on psychiatric patients showed a relation between pragmatic abilities and quality of life (Bambini, Arcara, Bechi, Buonocore, Cavallaro, & Bosia, 2016) . Although there are no data on MS, the affect of pragmatic deficits on quality of life is likely in this clinical population too. Future research on MS incorporating the assessment of pragmatic aspects could contribute to ascertain the relationship between communication impairments and quality of life, and also to plan careful program to promote the patient's well-being. In this perspective, it is important to mention that several rehabilitation approaches targeting pragmatic abilities have been recently devised and used in traumatic brain injured patients (Brownell et al., 2013; Gabbatore et al., 2015) , patients affected by schizophrenia (Bosco, Gabbatore, Gastaldo, & Sacco, 2016) or by right-side brain lesions (Blake, Tompkins, Scharp, Meigh, & Wambaugh, 2015; Ferre, Ska, Lajoie, Bleau, & Joanette, 2011) . Similar rehabilitation programs might be successful also for MS people who experience pragmatic breakdowns, given also that the MS population has been showed to benefit from cognitive rehabilitation programs (Goverover, Chiaravalloti, Genova, & DeLuca, 2017; Klein, Drummond, Mhizha-Murira, Mansford, & dasNair, 2017; Mattioli, Bellomi, Stampatori, Capra, & Miniussi, 2016) . In addition, considering that the pragmatic deficit seems to be diffuse in MS, we believe that assessing pragmatic abilities would provide important information for the characterization of the cognitive profile of MS patients. A further benefit deriving from the inclusion of pragmatic assessment in the clinical practice could be seen in terms of increased awareness from the caregivers' and the clinicians' side regarding the communicative difficulties that MS patients might experience. This might help in adopting appropriate communication strategies, avoiding pragmatically complex expressions that might be difficult for the patients, preventing misunderstandings and ultimately improving quality of care (Messer, 2015) .
The diffuse pragmatic impairment should also be considered in light of possible underlying neuroanatomical substrates. Pragmatics is supported by frontal as well as temporo-parietal connections in both hemispheres (Catani & Bambini, 2014) . Considering that MS can extensively involve subcortical and cortical white matter (Vrenken & Geurts, 2007) , thereby leading to cortical dysfunction and subcortical-cortical pathway disruption, it is likely that MS affects the neural circuits of pragmatics as well, especially medial and dorso-lateral prefrontal cortex, temporo-parietal junction. Moreover, taking into account that pragmatics abilities, social cognition, and psychosocial functioning rely on partially overlapping brain networks (Calabrese et al., 2010; Catani, Dell'acqua, & Thiebaut de Schotten, 2013) , and that these domains seem to be related based on the behavioral measures used in our study, a heterogeneous disruption of any of these pathways might underlie the pragmatic deficit. Structural and functional neuroimaging studies are needed in order to elucidate if neuroinflammation and, consequently, neurodegeneration due to MS lesions could have a key role in pragmatic functions.
In conclusion, the main finding of this study is a diffuse impairment in high-level language in MS, specifically in the pragmatic domain of communication. This result underlines the need of looking beyond classical assessment of cognitive performance in MS, since communicative deficits amplify the spectrum of cognitive impairment and could heavily affect the patient's quality of life. 
